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8 Consideration of the s c i e n t i f i c  goals of t h e  f i v e  solar 
ast.ronctiy e::perhcnta on the ATE1 arid evaluat ion of a set o f  pos- 
s i b l e  high i n c l i n a t i o n  a l te rna t ive  sn i s s ions  t o  t h e  workshop 
cluster show t h a t ,  among these a l t e r n a t i v e s ,  
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1. t h e  best m i s s i o n  a t  a g i v e n  i n c 1 . i u a t i o n  and d.urat ion 

is one wi th  l aunch  d a t e  nearest the so la r  maximum, 

t h e  best m i s s i o n  a t  a g i v e n  l a u n c h  d a t e  i s  one  
~ 7 i . t l - 1  the longest durcition, 

the best  misslon for a swuricr so ls t ice  l a u n c h  and 
g i v e n  duration is one which is h i g h l y  i n c l i n e d  and 
E?CCentL-iC, 

2.  

3 .  , 

If the AT31 can be launched by June 1999, then t h e  work- 
shop elustor mission is bes t  because of its 5 6 - d ~ ~  d u r a t i o n  even 
tJihLh t h e  planned am7 i n c l i n a t i o n  (28.5O) 
be n p p r e ~ i ~ a b l y  poskponed (beyond early 1972) , t h e n  a decoupled 
high inclinatioli mission (in su!iL îlei’ 1971) ~ ~ C C X G ~ S  the  b e s t  28-day 
duration s u b s t i t u t e .  
a dc,PnyciS workshop are 

If the workshop m u s t  

Desirah1.s dccoupled 2 8-day a l t e r n a t i v e s  to 

1. 50° i n c l i n a t i o n  150 x 580 n.1n.i.. 
2. SOo i n c l i n a t i o n  150 x 4 0 0  n.mi. 

4 .  63 so i n c l i n a t i o n  150 x 300 n .mie  
3 .  50° i n c l i n a t i o n  375 Y1.rni. 

5 e 63 e so i n c l i n a t i o n  225 n c m i e  
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I .  I N T R O D U C T I O N  - 

1 

An e a - r l i e r  memorandum e v a l u a t d d  t h e  s c i e n t i f i c  advan- 
t a g e s  of a Solar  Apollo Te le scope  Mount (ATM) m i s s i o n  a t  50° 
i n c l - i n a t i o n .  I t  showed t h a t  t h e r e  w a s  l i t t l e ,  i f  a n y ,  g a i n  due 
t o  i n c r e a s e d  s o l a r  v i e w i n g  i n  a l o w  c i r c u l a r  o r b i t  a t  t h a t  i n c l i -  
n a t i o n  o v e r  one a t  28Si0. T h i s  memorandum e x t e n d s  t h e  s t u d y ,  based 
on f u r t h e r  i n f o r m a t i o n  o n  t h i s  s o l a r  c y c l e  and  on t h e  i n t e r e s t s  
of t h e  p r i n c i p a l  i n v e s t i g a t o r s ,  t o  c o n s i d e r  t h e  r e l a 2 i o n s h i p  
between s c i e n t i f i c  goal-s and a s e t  of a l t e r n a t i v e  m i s s i o n  modes 
t h a t  would a l s o  be p o s s i b l e  w i t h  t h e  S a t u r n  I B  l a u n c h  c a p a b i l i t i e s .  
T h i s  se t  i s  r e p r e s e n t a t i v e  of the b e s t  m i s s i o n s  a t t a i n a b l e  i n  low 
e a r t h  o r b i t  w i t h  t h e  e x c e p t i o n  o f  sun-synchronous r e t r o g r a d e  
m i s s i o n s  which a r e  n o t  p o s s i b l e  from Ca-pe Kennedy. 
t h e  q u e s t i o n  of  what a r e  t h e  b e s t  a l t e r n a t i v e  m i s s i o n s  i f  the 
workshop c l u s t e r  canno t  accomniod-ate t h e  ATM i n  1971. 
ments  a s suned  t h r o u g h o u t  are t h e  f i v e  c u r r e n t l y  e n v i s i o n e d  s o l a r  
as t ronomy e x p e r i m e n t s  l i s t e d  i n  t a b u l a r  form below. 

I t  a d d r e s s e s  

T h e  e x p e r i -  

- NASA Expt .  N o .  Sponsor ing  I n s t i t u t i o n  * ' P r i n c i p a l  I n v e s  t i g a t o r  - I_ 

S-052 High A l t i t u d e  O b s e r v a t o r y  G .  Newkirk 

S-053/S-O82 Naval Research L a b o r a t o r y  J. D.  P u r c c l l  

S-054 American S c i e n c e  ti Eirg ineer 'g  R.  GiacconF 

s- 0 5 5 1 s - 0 8 3  Harvard College O b s e r v a t o r y  L. Goldberg 

S-056 Goddard Space F l i g h t  C e n t e r  (7. M i l l i g a n  

The c o n s t r a i n t s  imposed upon m i s s i o n  p a r a m e t e r s  by t h e  
l a u n c h  and s p a c e c r a f t  c a p a b i l i t . i e s  a re  d e t a i l e d  e l sewhere .  ( 6 )  
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4) 
During t h e  c o u r s e  of any  so l a r  ATM mis s ion  t h e  s u n  

will he  r e p e a t e d l y  o c c u l t e d  o r  n e a r l y  o c c u l t e d  by t h e  e a r t h .  
Thc e a r t h ,  a s  a n  occu l t e r ,  h a s  a n  e f f e c t i v e  r a d i u s  s l i g h t l y  
larcjcr t h a n  i t s  p h y s i c a l  ~ a d j - u s  d u e  t o  i t s  a tmosphere .  T h i s  
e f f e c t i v e  r a d i u s  depends  upon t h e  degree of o p t i c a l  i n t e r -  
f e r e n c e  a c c e p t a b l e  t o  t h e  expe r imen t s  i n v o l v e d .  F i g u r e  1 
shows t h e  geometry i n v o l v e d  i n  o b s e r v i n g  t a n g e n t  t o  t h e  e a r t h .  
T . ~ i ~ l . c  I Ghswo t h o  d i f c c r c n c o  i n  t o t a l  inass of i n k c r f c r i n g  a i r  
coluinn a l o n g  a v iewing  d i r e c t i o n  s t r a i g h t  up th rough  t h e  
a tmosphere  from a g i v e n  h e i g h t  and l o o k i n g  t a n g e n t  t o  t h a t  
sciiue h e i g h t  from o u t s i d e  the a tmosphere .  T a b u l a t e d  a r e  t h e  
v a l u e s  of a i r  m a s s  p e r  u n i t  column area norma l i zed  t o  t h e  
v a l u e  l o o k i n q  toward t h p  z e n i t h  from t h e  s u r f a c e  o f  t h e  e a r t h .  
We S C C  t h a t  t h e  amount of a i r  i s  2 5  t o  8 0  t i m e s  g r e a t e r  h o r i -  
z o n t a l l y  t h a n  v e r t i c a l l y .  T h i s  a i r  mass i n t e r f e r e s  w i t h  
a s t r o n o m i c a l  o b s e r v a t i o n s  i n  v a r i o u s  ways d i s c u s s e d  below. 
N o t e  t h a t  t h i s  a t m o s p h e r i c  i n t e r f e r e n c e  i s  o n l y  i m p o r t a n t  
when t h e  l i n e  o f  s i g h t  t o  t h e  sun  g r a z e s  t h e  a tmosphere ,  
which o c c u r s  o n l y  f o r  s h o r t  i n t e r v a l s  d u r i n g  most o r b i t s .  
Atmospheric  e f f e c t s  a re  un impor t an t  on t h e  s u n - s i d e  of t h e  
e a r t h  a t  a l t i t u d e s  o v e r  a f e w  hundredl  k i l o m e t e r s  a s  l o n g  a s  
t h e  l i n e  o f  s i g h t  t o  the sun i s  we11 above t h e  h o r i z o n .  

A.  S c a t t e r e d  L i g h t  

The e a r t h ’ s  a tmosphere sca t te rs  s u n l i g h t  by t h e  i i a y l e i g h  
p r o c e s s  a t  v e r y  h i g h  a l t i t u d e s .  T h i s  s c a t t e r i n g  var ies  d i r e c t l y  
as t h e  a i r  mass. The amount of s c a t t e r e d  s u n l i g l i t  i s  o n l y  v e r y  
s l i g h t l y  dependent  upon t h e  s p a c e c r a f t  a l t i t u d e ,  since t h e  space-  
c r a f t  i s  g e n e r a l l y  h i g h  enough so  t h a t  t h e  remain ing  a tmosphere  

g i v e s  i n s i g n i f i c a n t  s c a t t e r i n g .  I t  has been  shown (2) t h a t  l i g h t  
scattered by s p a c e c r a f t  e f f l u e n t s  i s  p r o b a b l y  n o t  i m p o r t a n t .  
F i g u r e  2 shows t h e  amount of s c a t t e r e d  s u n l i g h t  as  a f u n c t i o n  o f  
a t m o s p h e r i c  h e i g h t  and wavelength f o r  a l i n e  of s i g h t  t a n g e n t  t o  
t h e  a tmosphere  a t  t h a t  h e i g h t  f o r  s u n  a n g l e  0’. The i n t e n s i t y  
o f  l i g h t ,  B /BQ,  i s  expres sed  i n  u n i t s  o f  t h e  so l a r  i n t e n s i t y .  
The Newkirk White-Light  Coronograph expe r imen t  i s  t o  measure o u t  

t o  s i x  s o l a r  r a d i i ,  where B/Bo i s  10-l’. From t h i s  f i g u r e  we 

conc lude  t h a t  t h e  s c a t t e r e d  l i g h t  l o o k i n g  t a n g e n t  t o  t h e  atmos- 
p h e r e  a t  1 0 0  km a l t i t u d e  (loolcing close t o  t h e  s u n )  i s  almost 
i d e n t i c a l  i n  i n t e n s i t y  t o  t h a t  of the solar corona  a t  s i x  so la r  
rad i i .  ~t 4 0 0 s  A. 

0 
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B. Absorp t ion  
_I -- 

,j.**i 

The e a r t h ' s  a tmosphere  i s  a v e r y  good absorber of 
u l t r a v i o l e t  r a d i a t i o n .  Absorp t ion  va r i e s  e x p o n e n t i a l l y  w i t h  
t h e  a i r  mass. I f  9 0 %  a b s o r p t i o n *  i s  t h e  lowest a c c e p t a b l e  
c u t - o f f  p o i n t  f o r  t h e  e x p e r i m e n t e r s ,  t h e n  F i g u r e  3 shows 
a p p r o x i m a t e l y  t h e  e f f e c t i v e  a t m o s p h e r i c  h e i g h t  as  a f u n c t i o n  
of wavelength  a t  t h e  wors t  case - l o o k i n g  t a n g e n t  t o  t h e  
atmosphere.  The two UV expe r imen t s  on  t h e  ATM, S-055 ( 5 - 0 8 3 )  
and S - 0 5 3  (S-0132), covcr p r i m a r i l y  the r cg ion  of maximum atmos- 

p h e r i c  a b s o r p t i o n  between 300 and 1 4 0 0  A. For t h e s e  e x p e r i m e n t s ,  
the a tmosphere  i s  e f f e c t i v e l y  300 I m  h i g h ,  assuming- k h a t  9 0 %  
a b s o r p t i o n  i s  a c c e p t a b l e .  For t h e  l o n g e r  wave leng th  UV a n d  for 
S-056 and  S-054 t h e  e f f e c t i v e  a tmosphere  d r o p s  t o  a b o u t  1 5 0  t o  
1 7 0  km. 

0 

( 3 )  C. Emiss ions  

The e a r t h ' s  a tmosphere  g i v e s  r ise t o  t w o  t y p e s  o f  
e m i s s i o n  i m p o r t a n t  t o  c o n s i d e r  for t h e  so la r  m i s s i o n :  dayglow 
and a u r o r a .  

Dayglow e m i s s i o n s  e x t e n d  froin a b o u t  8 0  t o  7 0 0  k m  i n  
h e i g h t .  The s t r o n g e s t  e m i s s i o n s ,  i n  o rder  of h e i g h t ,  are N a D  

( 5 8 9 3  A)  a t  9 0  k m ,  Lyman-Alpha ( 1 2 1 6  A )  and 01 ( 1 3 0 4  A )  a t  a b o u t  
1 2 0  km, and N 2  ( 3 9 1 4  A ) ,  01 ( 5 5 7 7  A and  6 3 0 0  A )  a t  &out. 3 0 0  km. 

O f  p o s s i b l e  impor tance  t o  o b s e r v a t i o n s  of t h e  s o l a r  co rona  i n  
w h i t e  l i g h t  a re  t h e  v i s i b l e  l i g h t  e m i s s i o n s  o r i g i n a t i n g  a t  
3 0 0  km a l t i t u d e .  W h i l e  it i s  d i f f i c u l t  t o  p r e d i c t  t h e  magni- 
t u d e  o r  l i k e l i h o o d  of t h i s  i n t e r f e r e n c e ,  we s h o u l d  a l l o w  now 
f o r  t h e  chance  t h a t  e a c h  s o u r c e  of s u f f i c i e n t  a l t i t u d e  c o u l d  
i n t e r f e r e .  The e f f e c t i v e  e a r t h  a tmosphere  for  t h e  coronograph  
e x p e r i m e n t  c o u l d  t h u s  be  r a i s e d  froin L O O  kni based  on s c a t t e r i n g  
t o  a b o u t  300  km because  o f  t h e  dayglow. The UV e m i s s i o n s  o c c u r  
below t h e  h e i g h t  l i m i t  imposed by a b s o r p t i o n .  

0 0 0 

0 0 0 + 

*The assumpt ion  h e r e  i s  t h a t  such  a l a r g e  amount o f  absorp-  
t i o n  c o u l d  b e  c a l i b r a t e d  o u t  for t h e  s h o r t  times i n v o l v e d ,  s i n c e  
most of t h e  so l a r  o b s e r v a t i o n s  w i l l -  be made well on  t h e  s u n l i t  
s i d e  w i t h  e s s e n t i a l l y  z e r o  a b s o r p t i o n .  The 9 0 %  a b s o r p t i o n  s imply  
r e p r e s e n t s  t h e  p o i n t  ai; which we CiSSUllle we start r e c e i v i n g  d a t a  
con ing  i n t o  t h e  s u n l i g h t ,  OP s t o p  g e t t i n y  d a t a  when g o i n g  i n t o  
t h e  n i g h t .  

B E  I-LCOhl M . I NC. 
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3r 
h e i g h t .  S u n l i t  

1 e m i s s i o n s  r a n g e  between 1 0 0  and  1100  km i n  
a u r o r a  a r e  norinal ly  a t  an  :;Ltitude of a b o u t  

The maximum i n t e n s i t y  i s  a t  a geomagnet ic  l a t i t u d e  300  kn. 
of G8', which c o r r e s p o n d s  t o  a g e o p h y s i c a l  l a t i t u d e  of between 
5 4  and 7 8 ' .  Hence, any o r b i t  i n c l i n e d  5 4 O  or  more, os any 
o r b i t  t h a t  r e q u i r e s  l o o k i n g  o v e r  t h e  e a r t h  a t  t h e s e  l a t i t u d e s  
( a s  would be  t h e  case w i t h  a 50° o r b i t ) ,  i s  a p t  t o  e n c o u n t e r  
auroral a c t i v i t y .  The ac tua l -  auroral  e m i s s i o n s  of impor t ance  
are t h e  same as  t h e  dayglow e m i s s i o n s  except that t h c  a u r o r a  
is gC-'neralJ.y c o n s i d e r a b l y  more i n t c n n c  e Sincc t h e  aurora 
generally o c c u r  a t  a b o u t  300 km, we see t h a t  again t h e  effec- 
t i v e  a tmosphere  i s  n e a r  3 0 0  kin, a l t h o u g h  a u r o r a  could occur 
even above t h e  s p a c e c r a f t ,  e s p e c i a l l y  i n  t h e  y e a r  or two 
f o l l o w i n g  so la r  m a x i m u m .  

III. SCIENTIFIC O A J E C T I V E S  ( 4 )  

All p r i n c i p a l  i n v e s t i g a t o r s  a re  conce rned  about  cori- 
t i n u e d  postponement  of t h e  ATM-A, s i n c e  e a c h  y e a r  p a s t  t h e  s o l a r  
maximum m a n s  less a n d  less so la r  a c t i v i t y .  Some, e .g .  G i a c c o n i  
( S - O 5 4 ) ,  s a y  t h a t  any  f u r t h e r  s l i p p a g e  of the s c h e d u l e  beyond 
e a r l y  1 9 7 1  would " s e r i o u s l y  deg rade"  t h e  s c i e n t i f i c  v a l u e .  A t  
t h e  o t h e r  ex t reme,  Newkirk 's  e x p e r i m e n t  ( S - 0 5 2 )  i s  not s t r o n g l y  
dependent  on t h e  l e v e l  of s o l a r  a c t i v i t y .  

I n  g e n e r a l ,  a l l  expe r imen t s  would p r o f i t  f rom s o l a r  
a c t i v i t y  d u r i n g  t h e  o b s e r v a t i o n  p e r i o d .  I n  p a r t i c u l a r ,  a l l  
would p r o f i t  from a c t u a l  s o l a r  f l a r e  o b s e r v a t i o n s .  However, 
each  expe r imen t  ( i n c l u d i n g  S - 0 5 4 )  i s  c a p a b l e  of making g r e a t  
c o n t r i b u t i o n s  to o u r  u n d e r s t a n d i n g  o f  s o l a r  p h y s i c s  r e g a r d l e s s  
of t h e  l e v e l  of solar a c t i v i t y .  The ATM-As e x p e r i m e n t s  r e p r e s e n t  
a s p a t i a l  r e s o l u t i o n  c a p a b i l i t y  of a b o u t  a f a c t o r  of 1 0  o v e r  
t h e  O S 0  s a t e l l i t e s .  Because of t h e  g rea t  v a r i e t y  o f  s o l a r  
a c t i v i t y  p o s s i b l e  at any t i m e  d u r i n g  t h e  solar  cycle, e a c h  
e x p e r i m e n t e r  h a s  had t o  c o n s i d e r  t h e  p o s s i b i l i t y  of o b s e r v i n g  
few f l a r e s  even  a t  solar maximum. Hence, e a c h  expe r imen t  i s  
d e s i g n e d  t o  y i e l d  i m p o r t a n t  d a t a  o v e r  any r a n g e  of s o l a r  a c t i v i t y .  
D r .  M i l l i g a n  ( S - 0 5 6 )  h a s  s t a t e d  t h e  s i t u a t i o n  q u i t e  w e l l  when 
h e  s a y s  "We can o n l y  o b s e r v e  w h a t  t h e  sun  p e r m i t s  u s  to see. 
One can  o n l y  d e s i g n  h i s  equipment f o r  a l a r g e  r a n g e  of s o l a r  
a c t i v i t y  and hope t h a t  t h e  sun w i l l  be  k i n d . "  

All e x p e r i m e n t e r s  have i n d i c a t e d  t h a t  t h e  m i s s i o n  dura-  
tion must be a t  l e a s t  one s o l a r  r o t a - t i o n  (about  28 d.ays) i n  o r d e r  
to follew t h e  e v o l u t i o n  of a c t i v e  so l ax  x e y i u r l s .  

, BELI..COb/iM. INC. 
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The b road  s c i e n t i f i c  o b j e c t i v e s  impacted  by o r b i t a l  
c o n s t r a i n t s  can  be sunmarized b r i e f l y  a s  , 

,&A 

A .  o b s e r v e  t h e  s u n  for a m i s s i o n  d u r a t i o n  of 
a t  least; 2 8  days ,  I 

B. o b s e r v e  t h e  s u n  a t  t h e  h i g h e s t  p o s s i b l e  
l e v e l  of a c t i v i t y ,  and  

C. o b s e r v e  t h e  s u n  f o r  t h e  l o n g e s t  p o s s i b l e  
i n t e g r a t e d  viewing t i m e .  

O b j e c t i v e  A i s  extreme1.y i m p o r t a n t .  The b e s t  compro- 
m i s e  w i t h  O b j e c t i v e s  B and  C would b e  t o  observe t h e  sun  so  t h a t  
t h e  p r o d u c t  of a c t i v i t y  and o b s e r v i n g  t h e  i s  l a r g e s t ,  t h u s  
y i e l c i ing  t h e  h i g h e s t  chance of f l a r e  o b s e r v a t i o n .  

IV. SOLAR ACTIVITY 

The p r e v i o u s  memorandum e s t a b l i s h e d  t h a t  f l a r e  
a c t i v i t y  w i l l  p r o b a b l y  d e c r e a s e  by a b o u t  a f a c t o r  o f  two 
between l a t e  1 9 7 0  and early 1 9 7 2 ,  and  t h a t  the  e x p e c t e d  f l a r e  
r a t e  (Class  2 o r  g r e a t e r )  i n  ].ate 1 9 7 0  i s  a b o u t  2 i n  2 %  d a y s .  
T h e  s o l a r  c y c l e ,  a s  it h a s  p r o g r e s s e d  t o  da te ,  shows e v i d e n c e  
of be ing  below a v e r a g e  i n  a c t i v i t y .  ( 5 )  
r a t e  ( C l a s s  2 o r  g r e a t e r )  i n  l a t e  1 9 7 0  i s  now p r e d i c t e d  t o  be  
a b o u t  0 . 5  i n  2% d a y s ,  a n d  a s  p r e v i o u s l y  i n d i c a t e d ,  h a l f  t h a t  
i n  e a r l y  1 9 7 2 .  Recent  s t a t i s t i c s  i n d i c a t e  t h a t  o n l y  a b o u t  10% 
of all s o l a r  f l a r e s  a r e  of C l a s s  2 or grea te r .  F i g u r e  4 shows 
the  p r o b a b i l i t y  of o b s e r v a t i o n  of s o l a r  f l a r e s  f o r  t h e  p r e -  
d i c t e d  r a t e s .  O n e  t i m e  sca1.e a p p l i e s  t o  t o t a l  o b s e r v i n g  t i m e  
w i t h  no e a r t h  o c c u l t a t i o n .  The o t h e r  t i m e  scale i s  f o r  6 0 %  
s u n l i t  t i m e ,  which i s  t y p i c a l  f o r  a l o w - i n c l i n a t i o n  o r b i t  a t  
a b o u t  230 n.mi.  W e  see, f o r  example ,  t h a t  t h e  p r o b a b i l i t y  o f  
s e e i n g  one o r  more Class 2 f l a r e s  i n  l a t e  1970 i n  e i g h t  d a y s  
of 1 0 0 %  s u n l i t  u n o c c u l t e d  v iewing  ( t h e  l o n g e s t  a v a i l a b l e  un- 
o c c u l t e d  p e r i o d  a c h i e v e d  by  t h i s  s e t  of h i g h  i n c l i n a t i o n  
o r b i t s )  i s  a b o u t  0 . 5 5 .  To a c h i e v e  t h i s  same p r o b a b i l i t y  i n  
1 9 7 2  w i t h  no u n o c c u l t e d  vicwj-ng ( i . e . ,  low i n c l i n a t i o n )  would 
r e q u i r e  a m i s s i o n  d u r a t i o n  t h r e e  and one-ha l f  times l o n g e r .  
Also from t h i s  f i g u r e  w e  see t h a t  i f  t h e  workshop c l u s t e r  
m i s s i o n  were t o  b e  postponed fron inid--l!37.1 t.0 e a r l y  1972,  
t h e  flare p r o b a b i l i t y  would drop  froill - 9 2  t o  .81. We w i l l  
u s e  t h e  i n f o r m a t i o n  from F i g u r e  4 for t h e  mission compar isons  
bel o w .  

The e x p e c t e d  f l a r e  
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v.  ALTERNATIVE I~IISSIOIU'S 
,r: i 

Now we c o n s i d e r  t h e  impi;ci; upon t h e  s c i e n t i f i c  objcc- 
t i v e s  of v a r i o u s  a l t e r n a t i v e  n i i s s ion  parc7.1neters. 

I 

A .  1 n c  1 i n  at. i on 
-I- -- 

I n  terms of the impact  upon t h e  s c i e n c e ,  w e  can 
c o n s i d e r  f o u r  b road  c a t e g o r i e s  of i n c l i n a t i o n s  ( a t  low o r b i t a l  
a l t i t u d e )  : 

(1) Any l o w  i n c l i n a t i o n ,  presumably ' n ea r  28.5O. 

( 2 )  Near-50' i n c l i n a t i o n ,  where t h e  :sun i s  j u s t  
m a r g i n a l l y  unoccu l t ed  f o r  a few days .  

( 3 )  Any o r b i t  w i t h  a n  i n c l i n a t i o n  g r e a t e r  t h a n  
a b o u t  60° and less  t h a n  9 0 ° ,  where t h e  sun  
spends  a n  a p p r e c i a b l e  time i n t e r v a l  un- 
o c c u l t e d .  For  d i s c u s s i o n  i n  this meno w e  
w i l l -  c o n s i d e r  a n  i n c l i n a t i o n  of 6 3 . 5 O ,  which 
h a s  t h e  unique  p r o p e r t y  that the l i n e  of 
a p s i d e s  does  n o t  precess. 

(4) Any h i g h - i n c l i n a t i o n  r e t r o g r a d e  o r b i t  d e s i g n e d  
t o  be  sun-synchronous , and h c n c s  of f c r i n g  y e a r -  
round u n i n t e r r u p t e d  s o l a r  viewing. 

Case (4) will n o t  be c o n s i d e r e d  a t  t h i s  t i m e  b e c a u s e  
such  an o r b i t  i s  n o t  now p o s s i b l e  l a u n c h i n g  from Cape Kennedy. 
T h c  main emphasis  h e r e  is t o  d i s c u s s  t h e  r e l a t i v e  merits of 
h i g h  i n c l i n a t i o n  o r b i t s  [Case ( 2 )  o r  ( 3 ) l  O X  28--day d u r a t i o n  
a s  compared w i t h  t h e  cluster m i s s i o n  ~ ; t  28.5' [Case (1) 1. 

B. O r b i t a l  Height  - 
For t h e r e  t o  he any u n o c c u l t e d  p e r i o d  of r e a s o n a b l e  

d u r a t i o n ,  t h e  o r b i t a l  h e i g h t  must be cons ide rab l -y  above t h e  
e f f e c t i v e  a tmosphere  h e i g h t ,  which fo r  most e x p e r i m e n t s  i s  
300  km. 
'Ipccr o v e r "  t h e  earth t o  s e e  t h e  sun  (see F i g u r e  5 ) .  By 
u s i n g  an  e c c e n t r i c  o r b i t  and l o c a t i n g  apogee where t h e  atmos- 
phere o f f e r s  t h e  l e a s t  o b s t r u c t i o n  t o  v i e w i n g ,  we can, for a 
g i v e n  l a u n c h  c a p a b i l i t y ,  g a i n  t h e  a d v a n t a g e  of a h i g h  o r b i t  
b u t  w i t h  a smaller  semimajor a x i s .  I t  i s  i m p o r t a n t  t o  a v o i d  
t h e  South  A t l a n t i c  anomaly a s  much as  p o s s i b l e  due t o  r ad ia -  
t i o n  e f f e c t s  on crew and film, and t h i s  requires l o c a t i n g  

T h i s  h e i g h t  i s  n e c e s s a r y  when t h e  t e l e s c o p e  m u s t  

DELLCQh! M. I N C .  
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t h e  p c r i q e e  i n  t h e  sou. thcrn hcmisphere e T h e  s p e c i a l  " m a r g i n a l  
o c c u l t i n g "  near  50' i n c l i n a t i o n  [Case ( 2 )  above]  becomes l e s s  
d i s t i n c t  f r o m  h i g h e r  i n c l i n a t i o n s  [Case ( 3 )  3 when we corisider 
eccen t r i c  o r b i t s .  The  sun  spends an appreciable time un- 
o c c u l t e d  i n  a n  o r b i t  i n c l i n e d  50' when t h e  o r b i t  is n o t  
c i r c u l a r  but e l l i p t i c a l .  

C. Miss ion  Duration I 

I t  i s  o f  utmost impor t ance ,  s c i e n t i f i c a l l y  , t o  observe 
one  comple t e  solar r o t a t i o n  (about 28 d a y s ) .  Hence a m i s s i o n  
less t h a n  a b o u t  28 days  h a s  s e r i o u s  s c i e n t i f i c  drawbacks.  A 
28-dsy m i s s i o n  w i t h  s i x  days of c o n t i n u o u s  1 0 0 %  v iewing  ( s u c h  
a s  p r o v i d e d  by a n  i n c l i n a t i o n  of 63.5') h a s  a i  a g g r e g a t e  a c t u a l  
o b s e r v i n g  t i m e  o f  a b o u t  2 0  days  s p r e a d  over t h e  28  days.  From 
F i g u r e  4 w e  see t h a t  such  a m i s s i o n  i s  comparable  i n  t o t a l .  
o b s e r v a t i o n ,  f o r  t h e  same l eve l  o f  f l a r e  a c t i v i t y ,  t o  a 33-day 
m i s s i o n  a t  28.5' i n c l i n a t i o n  ( 6 0 %  sun  time). 

VI. EVALUATION OF ALTERNATIVES - 
For  s o l a r  o b s e r v a t i o n  w e  are i n t e r e s t e d  i n ,  from 

S e c t i o n  I11 , t h e  fc l lowing t h r e e  c r i t e r i a :  

(1) o b s e r v i n g  one s o l a r  r o t a t i o n  ( 2 8  d a y s ) ,  

( 2 )  o b s e r v i n g  a s  many t o t a l  h o u r s  as  p o s s i b l e  
( i n t e g r a t e d  viewing time, whether i n t e r r u p t e d ,  
o r  n o t ) ,  and \ 

( 3 )  hav ing  some chance o f  o b s e r v i n g  f la res  by 
maximizing t h e  p r o d u c t  of t o t a l  v iewing  hours 
t i m e s  f l a r e  r a t e .  

I n  t h e  p r e v i o u s  memorandum, i t  w a s  shown that 100% 
u n o c c u l t e d  v iewing  o f f e r s  l i t t l e  advan tage  i n  f l a r e  o b s e r v a t i o n s ,  
s i n c e  t h e  t y p i c a l  t i m e  d u r a t i o n  of t h e  e n t i r e  f l a r e ,  and c e r t a i n ] - y  
of t h e  most i n t e r e s t i n g  p o r t i o n ,  t h e  r ise  t i m e ,  i s  comparable  t o  
o r  s h o r t  of t h e  5 6 - ~ ~ i n u t e  u n o c c u l t e d  p e r i o d  of  even  low i n c l i n a -  
t i o n  o r b i t s  

P o i n t  (I)  e s t a b l i s h e s  a minirnum for m i s s i o n  d u r a t i o n .  
Of c o u r s e  we can  watch  a p a r t  of t h e  sun  comple te  one ro ts - t ion  
as long as  w e  exceed  1 4  days m i s s i o n  c lu ra t iun .  P o i n t  ( 2 )  s a y s  
t h a t  a t  any g i v e n  i n c l i n a t i o n  we ~.ia.azt t h e  l o n g e s t  p a s s i h l - e  
m i s s i o n .  P o i n t  ( 3 )  s a y s  t h a t  VJC want- t h e  m i s s i o n  t o  be as 
early as poss i t i e  to yic1.d a iar-ger fls.re probability. 



I n  Scct j -on V.B we d i s c u s s e d  o r b i t a l  a l t i t u d e .  T h e  
ac?vant~j .e  of an  eczeritric orb- i t ,  w i t h  p e r i g e e  i n  the s o u t h e r n  
hcmisphc re ,  w a s  p o i n t e d  o u t .  
one  such  p o s s i b l e  o r b i t  per y e a r ,  n e a r  the summer s o l s t i c e .  
A t  63.5' i n c l i n a t i o n ,  a w i n t e r  solstice l a u n c h  i s  a l s o  p o s s i h l e .  

have  been selected as f e a s i b l e  unde r  t h e  c o n s t r a i n t s  of b o o s t e r  
c a p a b i l i t y  f o r  the ATM-A m i s s i o n  and w i t h  a c c e p t a b l e  r a d i a t i o n  
dosage:  

A t  5 0 O  i n c l i . n i t i . o n  t h e r e  is o n l y  

Cons ide r  the f o l l o w i n g  a l t e r n a t i v e  m i s s i o n s  , which 

(1) S - I V  B workshop c l u s t e r  m i s s i o n  - 2 2 5  n .mi ,  c i r c u l a r  
o r b i t  i n c l i n e d  28.5' for a d u r a t i o n  of 5 6  days .  

( 2 )  Decoupled 28.5' c i r c u l a r  mission - 2 2 5  r ? , m i .  c i r c u l a r  
o r b i t  i n c l i n e d  28.5' f o r  a d u r a t i o n  of 28 d a y s .  

( 3 )  Decoupled h i g h  e c c e n t r i c i t y  m i s s i o n  - 1 5 0  x 580 n.mi.  
o r b i t  i n c l i n e d  50' f o r  a d u r a t i o n  of 28 d a y s .  

o r b i t  i n c l i n e d  50' f o r  a d u r a t i o n  of 28 days .  This 
o r b i t ,  u n l i k e  a l l  other a l t e r n a t i v e s ,  may be a t t a i n e d  
w i t h  o n l y  2 s tages  i n s t e a d  of "2%'' .  

( 4 )  Decoupled low e c c e n t r i c i t y  m i s s i o n  - 1 5 0  i: 1100 n.mi.  

(5 )  Decoupled 50' c i r c u l a r  m i s s i o n  - 375 n.mi. c i r c u l a r  
o r b i t  i n c l i n e d  50' for a d u r a t i o n  of 28  days .  

( 6 )  Decoupled h i g h  i n c l - i n a t i o n  eccentric m i s s i o n  - 
150  x 3 0 0  n.mi. o r b i t  i n c l i n e d  63.5' for a 
d u r a t i o n  of 28 days. 

( 7 )  Decoupled h i g h  i n c l i n a t i o n  c i r c u l a r  m i s s i o n  - 225 n.mi. 
c i r c u l a r  o r b i t  i n c l i n e d  63.5' for  a d u r a t i o n  of 28 d a y s .  

i n c l i n e d  50'. 
( 8 )  56-day e c c e n t r i c  m i s s i o n  - 1 5 0  x 4 0 0  n.mi.  o r b i t  

Now w e  can c o n s t r u c t  a m a t r i x  of a l t e r n a t i v e  missions 
(1) t h r o u g h  ( 8 )  v e r s u s  t h e  e v a l u a t i o n  c r i t e r i a  (I-) t h rough  ( 3 )  
above. Su.ch a matrix i s  shown i n  Table  11, whcae each colwnn 
h a s  t h e  f o l l o w i n g  s i g n i f i c a n c e :  

Column 1 - C r i t e r i o n  (I), t h e  nr?mber of 
solar r o t a t i o n s  d u r i n g  t h e  m i s s i o n .  

column 2 - C r i t e r i o n  ( a ) ,  t h e  total 
intecjrt: t ed  v iewing  time i n  clays 



(I> 

Coluinn 3 - Cri te i . - ion  ( 3 )  , the product  of v iewing 
time ti-mes f l a r e  r z t c .  
r e p r e s e n t  t h e  ac tua l  ntmhcl- of f la res  observa!Jle 
i f  t h e y  o c c u r  a t  tho p r e d i c t e d  r a t e .  

Column 4 - R e l a t e d  t o  C r i t e r i o n  ( 3 ) ,  t h i s  i s  
t h e  p r o b a b i l i t y  of o b s e r v i n g  one o r  more 
C l a s s  2 f l a r e s  during t h e  e n t i r e  m i s s i o n .  

Column 5 - Tota l  nuinker of c o n t i g u o u s  
u n o c c u l t e d  v iewing  days. 

C o l u m n  6 - P r o b a b i l i t y  of observ5ng one  o r  more 
Class  2 f l a r e s  d u r i n g  t h i s  u i ioccul ted  p e r i o d .  

r7.L.- L - L * - . l  L C = U U L ~ T  entries 

I 

Columns 3 ,  4 and 6 are based on t h e  p r e d i c t e d  f l a r e  
r a t e  a t  t h e  summer so ls t ice  of 1971.  
t o  t h e  w i n t e r  s o l s t i c e ,  t h e  comparable  v a l u e s  are  g i v e n  i n  
Table  111. The 50' e l l i p t i c a l  o r b i t s  [ m i s s i o n s  ( 3 )  , (4), and 
( 6 )  1 a r e  n o t  u s e f u l  i n  t h e  w i n t e r  becau.se no  umoccul ted view- 
i n g  i s  p o s s i b l e .  

I f  l a u n c h  i s  pos tponed  

I n s p e c t i o n  of Tables  11 and 111 and F i g u r e  4 shows 
t h e  f o l l o w i n g  s i g n i f i c a n t  p o i n t s :  

(1) The best  m i s s i o n  a t  a g i v e n  i n c l i n a t i o n  and d u r a t i o n  
i s  one w i t h  t h e  e a r l i e ~ t ~ c h d a e - ; l - S ~ n ~ - T -  
i n c l i n a t i o n  o r b i t s  mus t  be " tuned"  t o  a s o l s t i c e ,  
such  l a u n c h  d a t e s  2re q u a n t i z e d  t o  one  per y e a r  
(summer) o r  two p e r  y e a r  (summer and w i n t e r ) .  

( 2 )  The best  m i s s i o n  a t  a g i v e n  l a u n c h  da t e  is one  w i t h  
l_l--- __I_uI---- 

t h e  l o n g e s t  duration r a t h e r  t h a n  a h i g h  i n c l i n a t i o n .  

( 3 )  The b e s t  m i s s i o n  a t  a q ive i i  date arid d u r a t i o n  i s  
-_I__----I__- 

one which i s  h i g h l y  i n c l i n e d  and p o s s i b l y  e c c e n t r i c .  
I n c l i n a t i o n  i n c r e a s e  alone does n o t  h e l p  a c i r c u l a r  
o r b i t  u n l e s s  t h e  i n c l i n a t i o n  i s  i n  e x c e s s  of abou-t  
60'. 

P o i n t  (I) above p r o b a b l y  cannot be m e t  any ea r l i e r  
t h a n  June 1 9 7 1 .  P o i n t  ( a )  i n d i c a t e s  t h a t  a g i v e n  d a t e ,  e .g .  
June 1 9 7 1 ,  a 56-clay m i s s i o n ,  even  t h e  Low- inc l ina t ion  c l u s t e r  
m i s s i o n ,  i s  b e t t e r  t h a n  any  mission of 2 8  days .  P o i n t  ( 3 )  
i n d i c a t e s  t h a t  for a g iven '  d u r a t i o n ,  e . g .  2 8  d a y s ,  t h e  best 
m i s s i o n  i s  one t h a t  maximizes v i ewing  time hy a s u i t a b l e  COJII- 

b ina t i i j i i  of wrLitai i n c l i n a t i o n  and ecceritrici t y .  T o  t h i s  end ,  
any of t h e  50° o r  G 3 . 5 O  a l t e r n a t j - u e s  are better t h a n  ~t 2 3 . 5 O  
28-day m i s s i o n .  
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A s  mentioned i n  t h e  p r e v i o u s  memorarlduIll , the 
corsnogrzph cx??ri.iiieii t may be a f f e c t e d  by syii.l .ight scattered 
by t h e  e a r t h  i n t o  t h e  i n s t r u m e n t  even though the earth's atnios- 
p h c r e  i s  n o t  a c t u a l - l y  i n  t h e  solar corona .  T h i s  i s  s e r i o u s  i n  
t h c  50' c i r c u l a r  m i s s i o n  w h e r e  fox: several days t h e  s u n  i s  w i t h -  
i n  a few degrees of t h e  e f f e c t i v e  h o r i z o n .  The other  o r b i t  
a f f e c t e d  i s  t h e  50' low e c c e n t r i c i t y  ( 1 5 0  'x 4 0 0  n .mi . )  o r b i t ;  
b u t  even though t h e  s u n  gets as  close a s  4' t o  t h e  hor izon ,  
45 minu tes  l a t e r  i n  t h e  same o r b i t  it i s  1 9 O  f rom t h e  h o r i z o n ,  
so t h e  coronograph expe r imen t  i s  no worse off t h a n  it would be 
i n  any p e r i o d i c a l l y  o c c u l t i n g  o r b i t .  

V I  1 . SUMNARY -- 
The s c i e n t i f i c  objectiv-es of t h e  P.TM-A mission are  

b e s t  m e t  if 

A .  m i s s i o n  d u r a t i o n  is a t  l ea s t  28 d a y s ,  and 

B. the p r o b a b i l i t y  of f l a r e  o b s e r v a t i o n  i s  maximized, 
i . e . ,  t h e  p r o d u c t  of i n t e g r a t e d  v iewing  time and 
f l a r e  p r o b a b i l i t y  i s  maximized. 

I t e m  A i s  one obv ious  m i s s i o n  c o n s t r a i n t .  I t e m  B i s  
dependen t  on v a r i o u s  m i s s i o n  p a r a m e t e r s .  
i n c r e a s e d  by 

The p r o d u c t  may be 

(1) l a u n c h i n g  a s  e a r l y  in the  s o l a r  cyc le  as  p o s s i b l e ,  

( 2 )  e x t e n d i n g  t h e  m i s s i o n  d u r a t i o n  as l o n g  as p o s s i b l e ,  
o r  

( 3 )  o b t a i n i n g  t h e  maxirrLurti v iewing  time p o s s i b l e  p e r  
o r b i t  ( i . e . ,  1 0 0 %  for as  long a s  p o s s i b l e ) .  

I f  t h e  workshop c lus te r  m i s s i o n  [which s a t i s f i e s  ( 2 )  
above]  c a n n o t  accommodate the ATM i n  1 9 7 1  [ t h u s  n o t  s a t i s f y i n g  
(1) above] t h e n  t h e  best a l t e r n a t i v e  m i s s i o n  for t h e  ATM i s  
one  which maximizes  viewing t i m e  i n  reduced  m i s s i o n  d u r a t i o n  
[satisfying ( 3 )  above]. All f i v e  a l t e r n a t i v e  h i g h  i n c l i n a t i o n  
28-day nissions c o n s i d e r e d  h e r e i n  p r o v i d e  t h i s  a d d i t i o n a l  view- 
ing tine, n o  one a l t e r n a t i v e  s t a n d i n g  out far above any o t h e r  
on  t h e  basis of s c i e n t i f i c  m e r i t ,  These f i v e  arc comparable 
to a 56-day 28.5O m i s s i o n  i n  e a r l y  1 9 7 2  and be t t e r  thm any 
28-clay 28.5O m i s s i o n  p o s s i b l e  i n  1 9 7 1 .  
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